The aim of this study was to assess the effect of acute use of general anaesthetic with or without a surgical procedure, at post-natal day 14 (P14), on behavioural responses in the short-, medium-and long-term, evaluated in open field (OF) and elevated plus-maze (EPM) tests. Fourteen-day-old male Wistar rats were divided into two experimental designs (ED): inhalation and intravenous anaesthetic, and these groups were subdivided into: 1st ED -control (C), isoflurane (ISO), isoflurane/surgery (ISO-SUR); 2nd ED -control (C), fentanyl/S(+)-ketamine (FK) and fentanyl + ketamine-s/surgery (FK-SUR). In the OF the following were found: (a) in the 1st ED: an increase in the locomotor activity in the ISO group at P14, and ISO and ISO-SUR groups at P30; the ISO-SUR group showed a reduced latency to leave the first quadrant at P30 and P60; (b) in the 2nd ED: FK and FK-SUR groups presented increased locomotor activity at P30, and the FK group showed a reduction in the number of faecal boluses. In the EPM the following were found: FK and FK-SUR groups presented an increase in the number of non-protected head-dipping (NPHD) movements and in the number of entries and time spent in open arms at P30; the FK group showed an increased number of protected head-dipping movements, NPHD and entries and time spent in the open arms at P60. The behavioural changes observed may be related to locomotor activity (1st ED) and anxiety level (2nd ED) and they may result from changes in neurotransmitters/hormones (DA, 5HT, CRH) and glutamate/NMDA receptors, respectively.
Introduction
The exposure of neonates and children to general anaesthesia is a common practice in modern medicine. Physicians use various anaesthetics in this group of patients, from i.v. anaesthetics, such as barbiturates, ketamine, and propofol, to inhaled anaesthetics, such as halothane, isoflurane, and sevoflurane. Ketamine, in particular, has a well established role in paediatric anaesthesia and it is routinely used for induction and maintenance of anaesthesia [41] . Additionally, the inhalation anaesthetics used in neonatal anaesthesia include isoflurane, a potent hypnotic agent [39, 62] . The mechanisms of action by which general anaesthetics are proposed to inhibit neuronal activity are very similar, entailing to varying degrees changes in synaptic transmission involving ␥-aminobutyrate (GABA) activation and/or N-methyl-d-aspartate (NMDA) receptor antagonism [10] . Since GABA-and NMDAmediated neuronal activities are essential for mammalian brain development, exposure to general anaesthetics could potentially interfere with normal brain maturation [31, 59] .
Some studies indicate that early exposure to anaesthetic agents in animal models causes short-and long-term disturbances in several behaviours, such as cognitive functions (learning and memory), feeding behaviour and locomotor performance [17, 18, 22, 25] . It is important to emphasize that the duration of exposure to these anaesthetic drugs plays an essential role in influencing the change in behaviour. With this in mind, it has been highlighted that about 6 h of anaesthesia in a neonatal rat may equate to weeks in a human neonate [56] .
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of painful stimulation [6, 50] . Procedural pain in children may be prevented with local analgesia or, when required, through a combination of drugs (e.g., midazolam, lorazepam) including an opioid (e.g., fentanyl) [34] .
Considering that neonates' exposure to anaesthetic drugs is inevitable in many cases, an assessment of possible physiological effects of such exposure must be the target of scientific research. Since there are few studies involving acute exposure to anaesthetic drugs in infant rats and their possible effects over the rats' lifetime, this study aimed to assess the effect of general anaesthetic with or without a surgical procedure in early life upon the behavioural response of animals in the short-, medium-and long-term.
Materials and methods

Animals
Neonatal male Wistar rats, 14 days old at the beginning of the experiment, were used. They were housed, with their mothers, in home cages made of Plexiglas (65 cm × 25 cm × 15 cm) with the floor covered with sawdust, and maintained on a standard 12-h dark/light cycle (lights on at 7:00 a.m.) at room temperature (22 ± 2
• C). The animals had free access to food and water. Litters were culled to eight pups per dam on P0, and infant rats were randomly cross-fostered on P14. In addition, infant rats were divided into two experimental designs at P14: in the first experimental design, isoflurane was used as an inhalation general anaesthetic, and the pups were divided into three groups: control (C), isoflurane (ISO), and isoflurane/surgery (ISO-SUR); in the second experimental design, an association of fentanyl/S(+)-ketamine was used as general anaesthetic, and the animals were divided into three groups: control (C), fentanyl/S(+)-ketamine (FK), and fentanyl + S(+)-ketamine/surgery (FK-SUR). The control animals received oxygen and saline, in experimental designs 1 and 2, respectively. It is known that animals younger than 6 weeks are still in a physiologically immature state [44] . At 21 days of age, the animals were separated from their mothers, and the behavioural tests were performed at P14 (6 h after the procedure), P30 and P60. The Institutional Research Committee approved all animal procedures (GPPG-HCPA: 08149), and measures were taken to minimize pain and discomfort.
Pharmacology treatment and surgical procedure
Isoflurane was used as a general inhalatory anaesthetic as described by Smith et al. [55] , with some modifications: 5% was used for induction, and 3% for maintenance, with oxygen (600 mL/min) as the carrier gas. Isoflurane is a potent hypnotic agent in both adults and neonates; however, the neonate is relatively resistant to the effects of volatile anaesthetic agents assessed by minimum alveolar concentration [29] , because this uses 3% of isoflurane for maintenance of anaesthesia to perform surgery for animal safety.
S(+)-ketamine 20 mg/Kg (i.p.) was used as a general injectable anaesthetic. Data in the literature suggest doses ranging from 10 mg/kg to 100 mg/kg [19] . In this study, a dose of 20 mg/kg was used for the infant rats. For complete anaesthesia, the association of ketamine with fentanyl (90 g/kg; i.p.), an opioid agonist used for analgesia, was necessary, and the latter was injected 10 min before S(+)-ketamine. We reduced the dose of fentanyl from the 160 g/kg employed by Danneman and Mandrell [13] in order for the rats to regain consciousness more rapidly. Anaesthesia was considered as the inability to retract the foot when a hind paw was stimulated by pinching.
The surgical procedure followed the Levine method, as modified by Rice et al. [48] . This method normally employs occlusion of a common carotid artery to produce unilateral brain injury in neonatal rats; for this study, at P14, the animals were anaesthetized with general anaesthetic (isoflurane or fentanyl/S(+)-ketamine) and were exposed to a modified Levine procedure without arterial occlusion. An incision was made in the ventral surface of the neck, parallel and just lateral to the trachea; the right common carotid artery was accessed, isolated from the accompanying nerve and vein, but no occlusion was performed. Animals were allowed to recovery from the procedure in an incubator, and were then returned to their respective home cages near their mothers. Control groups (saline and O2) were submitted to asepsis in the neck region, but without anaesthetic treatment, while anaesthesia groups (KF and ISO) received asepsis in the neck region and anaesthesia, but no surgery.
Open field test (OF)
The behavioural assessment was performed in a varnished wood cage, measuring 60 cm × 40 cm × 50 cm, with the inside lined with glass. The floor was recovered with linoleum divided with dark lines into 12 squares of 13 cm × 13 cm. Each animal was gently placed in the left back corner, and allowed to explore the surroundings for 5 min [7, 11] . The number of line crossings performed by each animal was taken as a measure of locomotor activity [49] , while the latency to leave the first quadrant was taken as a measure of anxiety [8, 33] . Rearing was defined as the moment the rat rose up on its hind legs, ending when one or both front paws touched the floor again [60] , and it was evaluated as exploratory activity [53] . Grooming was defined as licking/washing of the head and body; therefore, it was regarded as a biological function of caring for the body surface [57] . The start of a trial occurred immediately after the rat was placed in the environment for scoring purposes. In this test, the animal was recorded as entering a new area when all four paws crossed the boundary into a different marked-out area. Five measures were taken during the 5-min test sessions: (1) number of line crossings (i.e. horizontal activity), outer and inner crossings in the OF; (2) latency to leave the first quadrant; (3) number of faecal boluses; (4) grooming (time in seconds); and (5) number of rearing behaviours (i.e. vertical activity). The box was cleaned in between each trial.
Elevated plus-maze (EPM)
The elevated plus-maze test was used to assess the anxiety-like behavioural state. The maze was constructed from black PVC synthetic material and elevated to a height of 50 Protected head dips involved dipping the head over the sides of the maze from within the central platform or a closed arm, whereas unprotected head dips were considered to occur when the animal dipped its head over the sides of the maze while on an open arm. In the EPM, entering a new area was recorded when all four paws crossed onto a new arm or into the central area [35] . After each test, the apparatus was cleaned to remove any animal scent.
Both behavioural tests were done between 14:00 and 18:00, and the animals were evaluated only once in each test environment. It is important to highlight that the EPM test was not performed at post-natal day fourteen (P14) because we did not find any data in the literature to justify the use of the test at this age.
Statistical analysis
Data were expressed as means ± standard error of the mean (S.E.M.). The one-way analysis of variance (ANOVA) was performed, followed by the Student-Newman-Keuls multiple comparisons test (SNK). Differences were considered statistically significant if P < 0.05.
Results
3.1.
Effects of isoflurane exposure, associated or not with surgery at P14, on behavioural parameters at P14, P30 and P60
OF test
At P14 (Table 1) , there was a significant increase in outer crossings in the ISO group when compared to C and ISO-SUR groups (one-way ANOVA/SNK, P < 0.05; F (2,34) = 3.86). There were no differences among the groups in other behavioural responses (one-way ANOVA, P > 0.05).
At P30 (Table 1) , there was a significant increase in outer crossings in ISO and ISO-SUR groups when compared to the C group (one-way ANOVA/SNK, P < 0.05; F (2,42) = 3.71). In addition, there was a significant increase in inner crossings in the ISO group when compared to the C group (one-way ANOVA/SNK, P < 0.05; F (2,42) = 4.84). Rearing behaviour was significantly increased in the ISO group when compared to the C group (one-way ANOVA/SNK, P < 0.05; F (2,42) = 4.47), and there was a significant decrease in the latency in ISO and ISO-SUR groups when compared to the C group (one-way ANOVA/SNK, P < 0.05; F (2,42) = 4.634). There were no differences among the groups in the other behavioural responses: grooming and number of faecal boluses (one-way ANOVA, P > 0.05).
At P60 (Table 1) , there was a significant decrease in the latency to leave the first quadrant in the ISO-SUR group when compared to the C group (one-way ANOVA/SNK, P < 0.05, F (2,22) = 3.51), but there were no differences among the groups in other behavioural responses (one-way ANOVA, P > 0.05).
EPM test
At P30, and at P60, there were no differences among the groups in all analyzed behaviours (one-way ANOVA, P > 0.05; Table 2 ). (Table 3) , there were no differences among the groups in all analyzed behavioural responses (one-way ANOVA, P > 0.05).
At P30 (Table 3) , there was a significant increase in outer crossings in FK and FK-SUR groups when compared to the C group (one-way ANOVA/SNK, P < 0.05; F (2,45) = 4.05). In addition, there was a significant decrease in faecal boluses in the FK group when compared to the C group (one-way ANOVA/SNK, P < 0.05; F (2,45) = 3.35). There were no differences among the groups in other behavioural responses (one-way ANOVA, P > 0.05).
At P60 (data not shown), there were no differences among the groups in all behavioural responses (one-way ANOVA, P > 0.05).
At P30 (Table 4) , there was a significant increase in NPHD in FK and FK-SUR groups when compared to C (one-way ANOVA/SNK, P < 0.05; F (2,51) = 10.77). Also, there was a significant increase in EOA in the FK group when compared to C (one-way ANOVA/SNK, P < 0.05; F (2,51) = 13.20); and there was a significant increase in Table 3 Effects of fentanyl/S(+)-ketamine, associated or not with surgical procedure, upon the behaviour evaluated in the OF. Data are reported as the mean ± S.E.M. of each behaviour. Open-field test at P14 (n = 9-14), P30 (n = 15-16) and P60 (n = 11-14). Table 4 Effects of fentanyl/S(+)-ketamine, associated or not with surgical procedure, upon the behaviour evaluated in the EPM. Data are reported as the mean ± S.E. * Significant difference when compared to control group (one-way ANOVA/SNK, P < 0.05). # Significant difference when compared to other groups (one-way ANOVA/SNK, P < 0.05).
EOA in the FK-SUR group when compared to other groups (one-way ANOVA/SNK, P < 0.05; F (2,51) = 13.20). TOA was significantly increased in the FK group when compared to C (one-way ANOVA/SNK, P < 0.05; F (2,51) = 14.93); and there was a significant increase in TOA in the FK-SUR group when compared to other groups (one-way ANOVA/SNK, P < 0.05; F (2,51) = 14.93). Meanwhile, there was a significant decrease in TCA in FK and FK-SUR groups when compared to C (one-way ANOVA/SNK, P < 0.05; F (2,51) = 6.71). There were no differences among the groups in other analyzed behaviours (one-way ANOVA, P > 0.05). At P60 (Table 4) , there was a significant increase in PHD in the FK group when compared to C and FK-SUR (one-way ANOVA/SNK, P < 0.05; F (2,38) = 3.67). Also, there was a significant increase in NPHD in the FK group when compared to C and FK-SUR (oneway ANOVA/SNK, P < 0.02; F (2,38) = 4.71). The EOA in FK (one-way ANOVA/SNK, P < 0.05; F (2,38) = 4.37) was significantly increased, as was the TOA in the FK group when compared to C and FK-SUR (oneway ANOVA/SNK, P < 0.05; F (2,38) = 4.05). Accordingly, there was a significant decrease in TCA in the FK group when compared to C and FK-SUR (one-way ANOVA/SNK, P < 0.05; F (2,38) = 5.21). There were no differences among the groups in other analyzed behaviours (one-way ANOVA P > 0.05).
Discussion
In this study, exposure to isoflurane at P14 promoted behavioural changes observed in the open-field (OF) test at all analyzed ages (P14, P30, P60). We observed an increase in locomotor activity at P14 (ISO) and P30 (ISO and ISO-SUR), as well as a decrease in the latency to leave the first quadrant at P30 (ISO and ISO-SUR) and at P60 (ISO-SUR). This last effect may indicate a decrease in the anxiety level. However, in the EPM test there was no difference among groups for all behavioural parameters evaluated at both ages P30 and P60. If considered together, these results suggest that the behavioural changes observed in the open-field are related to increased locomotor activity with no influence from the anxiety level of animals.Locomotor activity results from the interaction of several neurotransmitter systems [26] . Dopamine is important among these, playing a major role in the control of locomotor activity, and the stimulation of dopaminergic neurons causes an increase in locomotor activity [1, 16] . Dopamine is the first neurotransmitter to be found in a developing brain [30, 45] , and during prenatal and early postnatal periods there is an increase in D1 and D2 receptors achieving for only the levels of expression in adults between P14 and P21 in rodents [9, 47, 51, 52] . In relation to isoflurane, studies report that this anaesthetic induces a significant increase in dopamine release in rat striatum [36, 43] and also inhibits dopamine reuptake by rat brain synaptosomes [15] .We cannot discard the involvement of other substances related to the control of locomotor activity, including corticotropin-releasing hormone (CRH) and serotonin. CRH is essentially synthesized in the parvocellular portion of the paraventricular nucleus (PVN), and CRH neurons have a demonstrated role in the regulation of locomotor activity [32] . A prior study found that isoflurane anaesthesia induced a stress response in the PVN of adult rats as shown by an increase in the immunoreactivity for Fos protein [24] . Serotonin also is important in the control of locomotor activity [27] , and the serotonergic neurons projecting to the hippocampus modulate rat locomotor activity by stimulating 5-HT4 receptors [58] . Some studies report that isoflurane has modulatory effects on components of the serotonergic system [12, 37, 38] ; therefore, it is plausible to suggest that results obtained concerning the short-and medium-term change in locomotion of animals that were pharmacologically manipulated with isoflurane at P14, may reflect changes in transmission and/or modulation of the immature system related to neurotransmitters/hormones as previously described.
Furthermore, we observed that the administration of fentanyl/S(+)-ketamine (FK and FK-SUR groups) induced behavioural changes in both OF and EPM tests. At P30, the groups showed increased locomotor activity in the OF, associated in the FK group with a decrease in the number of faecal boluses when compared to the control group (C), both behaviours being indicative of a lowered anxiety level. In the EPM test, the animals at P30 showed an increase in the number of unprotected head-dipping movements and open arms entries, associated with a greater time spent in the open arms. Interestingly, those animals that underwent surgery presented a greater increase in the number of entries and time spent in the open arms compared to the group that only received fentanyl/S(+)-ketamine. At P60, the exposure of animals to the EPM showed that those who received only fentanyl/S(+)-ketamine, and did not undergo surgery, presented a greater number of protected and unprotected head-dipping movements and entries in open arms, associated with an increased time spent in the open arms. The pharmacological intervention promoted behavioural changes indicating lower levels of anxiety in the animals, and these changes were observed at least until P60. It should be noted that there were no differences among groups in all behavioural parameters analyzed in the OF test, a finding which suggests that the use of NMDA antagonists such as S(+)-ketamine at P14 reduces anxiety levels in the medium-and long-term. In this context it is interesting that a previous study demonstrated that NMDA antagonists have anxiolytic activity in both rats and humans [4] . Furthermore, our results corroborate the study of Hayase et al. [21] , who showed that ketamine has anxiolytic activity in rats in the EPM test.
In order to achieve a better understanding of anxiety, a number of possible mechanisms and brain regions have been studied [2, 20, 40] . Such research has demonstrated that direct administration of NMDA antagonists into the dorsal periaqueductal gray in adult animals reduced anxiety levels in the EPM [20] , and it is known that subunits of NMDA receptors located in the hippocampus play an important role in anxiety [2, 42] . Moreover, it should be noted that in the postnatal maturation period several receptor systems are in the process of reorganization or relocation within the central nervous system. Therefore, exposure to anaesthetics during different periods of brain development can affect different regions of the brain [23] .
In addition, it should be recalled that S(+)-ketamine was associated with fentanyl in order to obtain adequate analgesia for the procedure. This narcotic agent is a selective agonist of -receptors [54] . Ontogenetic studies have shown that among the opioid receptor subtypes -and -receptors are present at birth, whereas ␦-receptors only appear after the second postnatal week [3, 61] . Moreover, their expression and binding ability undergoes considerable reorganization in the postnatal period [5, 46] . A recent study demonstrated that acute administration of fentanyl in adult rats is followed by an increase in hippocampal excitability [28] , and this structure is known to contain a high density of opioid receptors [14] that may be involved in mechanisms of anxiety.
In this work, we suggest that during the neonatal period, in which intense synaptogenesis and molecular rearrangements occur, up to and beyond P14, a single exposure to an opioid agonist associated with a glutamatergic antagonist can cause molecular changes in several structures of the central nervous system related to anxiety-like behaviour, which may be observed until adulthood. In addition, these effects may be the result of the individual action of each drug and/or interactions between or among them.
In summary, our findings highlight the importance of extending the investigation of the effects of anaesthetics and analgesics administered to young rats undergoing (or not) surgery, by observing behaviour into adulthood. Lifelong changes in locomotion and anxiety parameters described in this study may constitute important data for the development of strategies to prevent the long-term consequences of administering these drugs in early periods. In addition, this study may be used as a basis for future research that aims to understand the mechanisms of action and side effects of drugs used in infant rats.
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